ABSTRACT : Ninety six crossbred pigs (Landrace×Yorkshire×Duroc) were used to determine the effects of essential oils (Fresta F Conc ® ) supplementation on growth performance, immune response and fecal noxious gas of weaned pigs. 
INTRODUCTION
A ban on antibiotics as feed additives in animal nutrition is realized since 1986 in Sweden and 1999 in Switzerland. With the restricted use or ban of dietary antimicrobial agents, we must explore new ways to improve and protect the health status of farm animals, to guarantee animal performance and to increase nutrient availability. The essential oils, organic acids, enzymes, probiotics (lactobacilli), prebiotics (oligosaccharides) and the herbs can be used as feed additives. Essential oils (also called volatile or ethereal oils) are aromatic oily liquids obtained from plant material (flowers, buds, seeds, leaves, twigs, bark, herbs, woods, fruits and roots). The term 'essential oil' is thought to be derived from the name coined in the 16 th century by the Swiss reformer of medicine, Paracelsus von Hohenheim; he named the effective component of drugs Quinta essential (Guenther, 1948) . Beneficial effects of essential oils on farm animals may arise from activation of feed intake and secretion of digestive secretions, immune stimulation, anti-bacterial, coccidiostatic, antiviral and antioxidant properties (Wenk, 2003) . Hong et al. (2004) reported that plant extract (citrus fruit and chestnut tree extract mixture) could be used to replace antibiotic in diets for weaned pigs without negative effects on growth performance. Holden and McKean (2002) reported that ADG and feed/gain of pigs fed 2 or 3% botanical were similar to antibiotic controls and improved over the treatment without antibiotic controls. After pigs were weaned, IgG concentration in serum was on the decrease 21.2 mg/ml, 16.0 mg/ml, 10.5 mg/ml and 6.6 mg/ml (Kim et al., 1994) . Wang et al. (1998) reported that eugenol in essential oils improved immune ability by increasing synthesis of IgG in body and synthesis of IgA in saliva. However, the effects of essential oils have not yet been rigorously evaluated. Our study was concerned with one of the essential oils product named Fresta F Conc ® (Yuhan Co., Ltd, Seoul, Korea). The objective of this study was to evaluate the effect of essential oils supplementation on growth performance, IgG concentration and fecal noxious gas concentration in weaning pigs.
MATERIALS AND METHODS
A total of ninety six weaned pigs with an average BW of 5.50±0.11 kg were used in 49 days study to investigate the effect of essential oils supplementation on growth performance of weaned pigs. Pigs were blocked by initial body weight and randomly allocated to one of four dietary treatments in a randomized complete block design. There were six replications per treatment. (Table 1) were formulated to contain 3,336 kcal/kg of ME, 23.97% of CP and 1.60% of lysine and diets for d 14 to 28 (Table 1) were formulated to contain 3,336 kcal/kg of ME, 21.97% of CP and 1.40% of lysine. Also, diets for d 28 to 49 (Table 2) were formulated to contain 3,360 kcal/kg of ME, 20.00% of CP and 1.30% of lysine. The diets were formulated to meet or exceed the nutrient requirements recommended by NRC (1998). Pigs were allowed to consume feed and water ad libitum from self-feeders and nipple waterers. Average daily gain (ADG) and average daily feed intake (ADFI) were measured on d 14, 28 and 49 and gain/feed ratio was also calculated. Chromic oxide (Cr 2 O 3 ) was added at 0.20% of diets as a digestible marker on day-10, 24 and 43 and fresh samples were collected. Feed and feces samples were analyzed for DM and N concentrations (AOAC, 1995) . Chromium was determined by UV absorption spectrophotometry (Shimadzu, UV-1201, Japan) and apparent digestibilities of DM and N were calculated using the indirect methods.
Fecal consistency scoring was based on the following index used by Sherman et al. (1983) : 0, normal (feces firm and well formed); 1, soft consistency (feces soft and formed); 2, mild diarrhea (fluid feces, usually yellowish); and 3, severe diarrhea (feces watery and projectile).
The concentrations of red blood cell (RBC), white blood cell (WBC) and lymphocytes in the blood were measured to investigate the effect of essential oils supplementation in weaned pigs. Blood samples were collected via jugular vein into K 2 vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA) from ten pigs in each treatment on the initial and final days of the feeding trial. The concentrations of RBC, WBC and lymphocytes in the blood were measured using the automatic blood analyzer (ADVIA 120, Bayer, USA). The concentrations of total protein, albumin and IgG in the blood serum were measured using the automatic biochemistry analyzer (HITACHI 747, Japan).
Ammonia nitrogen (NH 3 -N) concentration was determined according to the methods of Chaney and Marbach (1962) . Volatile fatty acids (VFA) concentration was analyzed as follows: 2 g fecal samples were obtained and diluted with 8 ml of distilled water. After added 2 drops of concentrated HCl, samples were centrifuged at 17,400×g for 10 min. The supernatant was filtered by 0.22-µm filter (Millipore Co., Bedford, MA) and analyzed using gas chromatography (Hewlett Packard 6890 Plus, USA). Hydrogen sulfide (H 2 S) concentration was analyzed as follows: 300 g fecal sample were collected, fermented 30 h in the incubator (35°C). Samples were measured using the gas search probe (Gastec no. 4, Japan).
Statistical analysis
The data were analyzed as Latin squares using the ANOVA of SAS (1966) . The statistical model included range test (Duncan, 1955) was used to determine significant differences among treatments. 
RESULTS AND DISCUSSION
Growth performance of pigs fed experimental diets is presented in Table 3 . From d 0 to 14, ADFI was increased in pigs fed PCF diet (p<0.05). ADG and gain/feed tended to improve in pigs fed PCF diet. However, there were no significant differences among the treatments. From d 14 to 28, pigs fed PCF diet increased ADG and ADFI compared to pigs fed NC diet (p<0.05). No difference was found among the treatments for gain/feed. From d 28 to 49, ADG and ADFI in pigs fed PCF diet were higher than in pigs fed NC diet (p<0.05). Through the entire experimental period, ADG and ADFI in pigs fed PCF diet were the highest among the treatments (p<0.05). Our data are in partial agreement with those of Hong et al. (2004) , who indicated that the addition of dietary plant extract to weaned pigs affected ADG, ADFI and gain/feed. Also, Holden and McKean (2002) reported that ADG and feed/gain of pigs fed 2 or 3% botanical were similar to antibiotic treatments and improved over the treatment without antibiotic controls. Kamel (2001) and Silvia (2002) demonstrated that pigs fed complex (essential oil and organic acid) increased ADG and ADFI.
Nutrient digestibility in pigs fed experimental diets is presented in Table 4 . On d 14, there were no significant differences in digestibility of DM and N among the treatments (p>0.05). On d 28, digestibility of dry matter in pigs fed PC, NCF and PCF diets was higher than that of pigs fed NC diet (p<0.05) and treatments with added essential oils were higher than others in digestibility of nitrogen (p<0.05). Also, on d 49, digestibility of nitrogen in pigs fed PCF diet was the highest among others (p<0.05). Improvement of digestibility of nitrogen might be due to that blended essential oil (CRINA HC 737) promoted digestion enzymes into the intestine (Köhler, 1997) .
Fecal consistency score of pigs fed experimental diets are presented in Table 5 . There was no significant difference in fecal consistency score among the treatments (p>0.05). Fecal consistency score was lowed in all treatments because our nursery room has all-in all-out system to control disease. Hong et al. (2004) reported that fecal consistency score of plant extract (citrus fruit and chestnut tree extract mixture) groups was similar to antibiotic treatment.
Blood profile of pigs fed experimental diets is presented in Table 6 . No statistical differences (p>0.05) were found in RBC counts, WBC counts, lymphocyte counts, total protein and albumin. Serum IgG concentration of PCF treatment were greater than that of others (p<0.05). Essential oils contain eugenol with antibacterial properties (Bauer et al., 2001) . Wang et al. (1998) reported that eugenol improved immune ability by increasing synthesis of IgG in body and synthesis of IgA in saliva. Essential oils improved immune response by increasing phagocytosis. However, we can't conclude effects of essential oils about immune response because NCF treatment was similar to NC treatment.
Noxious gas concentration of pigs fed experimental diets is presented in Table 6 . On d 14 and 28, no statistical differences (p>0.05) were found in VFA, NH 3 -N and H 2 S concentrations among treatments. On d 49, there was no significant difference in VFA concentration among the treatments (p>0.05). NH 3 -N concentration in pigs fed PCF diet was lower than in pigs fed other diets (p<0.05). H 2 S concentration in pigs fed diets with added essential oils was lower than in other diets. It is known that ammonia nitrogen and hydrogen sulfide are major sources of environment pollution. Ushid et al. (2002) demonstrated that ammonia concentration in feces was significantly reduced by addition of herb extracts. Sutton et al. (1992) reported that ammonia emission was restrained by 55.5% in manure by sarsaponin extract. Also, Jeon et al. (1996) found that addition of yucca extract (0.02%) decreased ammonia levels in feces. I suggest that addition of essential oils in pigs diets may promote nitrogen digestibility and essential oils have functions that reduce emission of noxious gases.
IMPLICATION
The public concern about replacement of antibiotic in animal feed industry demands that more effective studies should be observed in the future. From our study, essential oils can be used partly to replace antibiotic in diets for weaned pigs without any effect on growth performance. Also, these seem to have improved nitrogen digestibility and reduction of noxious gas production. 
